The dispersal of the circum-stellar discs of dust and gas surrounding young low-mass stars has important implications for the formation of planetary systems. Photoevaporation from energetic radiation from the central object is thought to drive the dispersal in the majority of discs, by creating a gap which disconnects the outer from the inner regions of the disc and then disperses the outer disc from the inside-out, while the inner disc keeps draining viscously on to the star. In this Letter, we show that the disc around TW Hya, the closest protoplanetary disc to Earth, may be the first object where a photoevaporative gap has been imaged around the time at which it is being created. Indeed, the detected gap in the Atacama large millimeter/submillimeter array images is consistent with the expectations of X-ray photoevaporation models, thus not requiring the presence of a planet. The photoevaporation model is also consistent with a broad range of properties of the TW Hya system, e.g. accretion rate and the location of the gap at the onset of dispersal. We show that the central, unresolved 870 μm continuum source might be produced by free-free emission from the gas and/or residual dust inside the gap.
The X-ray photoevaporation model (Ercolano et al. 2008; Ercolano, Clarke & Drake 2009; Owen et al. 2010; Owen, Ercolano & Clarke 2011; Owen, Clarke & Ercolano 2012 ) is successful in reproducing the observed two-time-scale dispersal (e.g. Luhman et al. 2010; Koepferl et al. 2013) , and it can reproduce the intensities and profiles of emission lines produced in the wind . However, the direct observation of a disc undergoing gap formation via photoevaporation is still lacking. In this Letter, we propose that the gap at 1 au in the nearest protoplanetary disc, TW Hya, observed in the 870 μm continuum by Andrews et al. (2016) , using the long-baseline Atacama large millimeter/submillimeter array (ALMA), may indeed be the first directly imaged photoevaporative gap in a solar-type star to date. Surprisingly, this possibility has not yet been properly explored in the recent literature.
This Letter is organized as follows: In Section 2, we summarize the relevant characteristics and current evidence for photoevaporation in the TW Hya system. In Section 3, we explore the possible origin of the unresolved 870 μm emission from the inner 0.5 au of the disc. In Section 4, we show dust and gas density distributions from a numerical model of a 1D viscously evolving disc, subject to X-ray photoevaporation. Our conclusions are summarized in Section 5.
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T H E T W H YA S Y S T E M : W H AT I S K N OW N A B O U T O U R C L O S E S T N E I G H B O U R
TW Hya is considered a young solar analogue with a central stellar mass of approximately 0.7 M . Being the closest gas-rich protoplanetary disc (54 pc; van Leeuwen 2007) , this object has been subject of a number of observational campaigns dating back from the early nineties (e.g. Blondel, Talavera & Djie 1993) . Its nearly pole-on inclination (i ∼ 7 o ; Qi et al. 2004 ) further contributes to making TW Hya one of the reference objects for the study of protoplanetary discs. Calvet et al. (2002) first reported evidence for a dust-depleted inner hole, which they placed at a radius of 4 au via detailed radiative transfer modelling of its spectral energy distribution (SED). On the basis of the 10 μm silicon emission, Calvet et al. (2002) concluded that the inner region cannot be completely devoid of dust, and they estimate that ∼0.5 lunar mass of ∼1 μm particles must be still present inside the cavity, and interpret this as evidence of a developing gap in the disc. The exact size of the gap of TW Hya has been an object of dispute in the literature. Near-infrared (Eisner, Chiang & Hillenbrand 2006) and mm (Hughes et al. 2007 ) interferometry confirmed a size of 4 au for the central hole, while a gap radius of only 0.7 au was obtained by Ratzka et al. (2007) via mid-infrared intereferometric observations. The observations can, however, be reconciled if instead of an inner hole completely devoid of dust, an additional optically thick ring with a 0.5 au radius is considered (e.g. Akeson et al. 2011 ). More recently, Menu et al. (2014) presented a new model, which was able to fit all interferometric observations from near-infrared to cm wavelengths available at the time. This model required an inner cavity with radius 0.3-0.5 au with a maximum in the surface density occurring at ∼2.5 au.
Disc structure
While the presence of a gap or at least of a dust-depleted region in the inner disc has been confirmed by all interferometric observations, the detection of a non-negligible accretion signature (4× 10 −10 to ∼10 −9 M yr −1 ; Muzerolle et al. 2000; Eisner et al. 2010; Manara et al. 2014) , implies that a significant amount of gas must still be present inside the dust cavity. Andrews et al. (2016) presented long-baseline ALMA observations of the 870 μm continuum from TW Hya, which are sensitive to millimeter-sized dust grains down to a spatial scale of 1 au. The data show a series of concentric dark and bright shallow ring-like structures in the outer disc, while the inner disc is dominated by a dark annulus centred at 1 au, separating a bright ring that peaks at 2.4 au and an unresolved continuum source less than 0.5 au in radius and emitting ∼1 mJy in flux. The modest brightness contrast of some of the concentric features at r >10 au may be associated with condensation fronts of abundant volatiles (Cuzzi & Zahnle, 2004; , or may be evidence of zonal flows (Johansen, Youdin & Klahr 2009 ).
Gaps and rings: the ALMA view
The dark annulus at ∼1 au must have, however, a different origin. The ALMA observations together with the dip in the SED at midinfrared wavelengths (Calvet et al. 2002) suggest that the gap must be depleted of grains from μm to cm size. On that basis, Andrews et al. (2016) argue against the dip being a consequence of changing solid properties at around the H 2 O snow-line. As an alternative, they suggest that a more detailed modelling of the ALMA data may show whether a young super-Earth may be responsible for dynamically carving the observed gap (e.g. Picogna & Kley 2015 , Rosotti et al. 2016 . Surprisingly, the photoevaporation scenario is not considered at all in that work.
Evidence of X-ray photoevaporation in TW Hya
The TW Hya central object is known to emit substantial X-ray radiation, with a total X-ray flux (0.1 keV < E < 10 keV) of approximately 2.5 × 10 30 erg s, based on an extrapolation to lower and higher energies of the 0.3-5 keV XMM-Newton spectrum (Robrade & Schmitt, 2006) . Following equation (9) of , the corresponding mass-loss rate due to X-ray photoevaporation is ∼2 × 10 −8 M yr −1 , which is roughly a factor of 10 higher than the measured accretion rate for TW Hya. Owen et al. (2010) predict that for a 0.7 M star and X-ray luminosity of 2 × 10 30 erg s −1 X-ray photoevaporation will create a gap at ∼1 au, when the accretion rate falls to about a tenth of the wind rate (e.g. see their fig. 11 ). Hence, the dark annulus detected by Andrews et al. (2016) may indeed be the first stage of the dispersal phase of the TW Hya disc.
Direct evidence of currently ongoing photoevaporation is provided by the detection of a few km s −1 blueshift in the profile of the [NeII] 12.8 μm line (Herczeg et al. 2007; Pascucci & Sterzik 2009) , which is well fit by both EUV and X-ray photoevapoaration models (Alexander 2008; ). The [O I] 6300 has also been shown to be produced in a slow-moving quasi-neutral X-ray photoevaporative wind (Ercolano & Owen, 2016) , and is often observed to be blueshifted with a low-velocity component of a few km s −1 . In the case of TW Hya, the [O I]6300 was found to be centred on the stello-centric velocity (Pascucci et al. 2011 ). This is not surprising given TW Hya near face-on inclination and the fact that the [OI]6300 line is emitted from the very inner regions of the disc wind , where the underlying disc is devoid of dust, allowing us to see the redshifted outflowing gas. The 10 km s −1 full width at half-maximum and ∼10 −5 L line luminosity measured by Pascucci et al. (2011) for [O I]6300 are also well reproduced by the X-ray photoevaporation models presented by Ercolano & Owen (2016) for accretion and X-ray luminosities and the inclination of TW Hya. Andrews et al. (2016) report ∼1 mJy flux at 870 μm as an unresolved continuum source from the inner ∼0.5 au of the TW Hya disc. This might look incompatible with a photoevaporative origin for the gap. Indeed, Alexander & Armitage (2007) found that large grains disappear quickly (10 4 yr) from the inner disc due to radial drift, suggesting that a gap would turn quickly into a hole, with no detectable central point source. In this section, we show, however, how free-free gas emission or residual dust inside the gap can easily explain the observed flux, supporting the photoevaporation hypothesis. Pascucci, Gorti & Hollenbach (2012) analysed the long wavelength portion of the SED from TW Hya covering from 870 μm out to 6 cm (data from Wilner et al. 2005 and Andrews et al. 2012 ) and came to the conclusion that about half of the flux detected at 3.5 cm could not be accounted for by dust emission. They attributed the extra 140±40 μJy at 3.5 μm to a photoevaporative disc wind. However, emission from a disc wind is expected to originate from a region far more extended than 0.5 au, and thus it cannot explain the unresolved 870 μm emission detected by Andrews et al. (2016) . Dense ionized gas, however, exists also in the form of a stellar wind or an ionized bound inner disc atmosphere. One can obtain an upper limit to the contribution from gas free-free emission to the sub-mm flux by assuming a spherical optically thick wind. In this case, the SED emission in the radio can be described by a power law with index 0.6 (Panagia & Felli 1975) .
O R I G I N O F T H E U N R E S O LV E D 870 μm E M I S S I O N F RO M T H E I N N E R 0 . 5 au
Free-free emission
1 A 0.93 mJy flux at 870 μm would then correspond to ∼100 μJy at 3.5 cm, explaining thus most of the 140±40 μJy excess flux at 3.5 cm reported by Pascucci et al. (2012) . This would lead to the conclusion that the compact, unresolved source in Andrews et al. (2016) can be caused by a stellar wind and there is no need to invoke the presence of dust in the inner disc. Conversely, this is an upper limit to the emission of the wind at mm-wavelengths: if the wind is optically thin, the spectral index is also expected to be lower, meaning that its contribution in the (sub-)mm will be lower. It is thus not excluded that a fraction of the compact unresolved emission at 870 μm may be caused by dust.
We have calculated photoionization models of the draining inner disc of TW Hya with MOCASSIN (Ercolano et al. 2003; Ercolano, Barlow & Storey 2005 ,2008b ) using the inner 0.5 au of the gas and dust density distributions from Ercolano & Owen (2016) . This consists of a hydrodynamical wind solution for 0.7 M star and an X-ray luminosity of 2× 10 30 erg s −1 , which is appropriate for TW Hya (e.g. Cleeves et al. 2015) . We refer to for specific details about the calculation methods. Assuming an X-ray luminosity of 2.5× 10 30 erg s −1 , we find a flux of 1.07 mJy at 870 μm for a distance of 54 pc, more than sufficient to explain the observed values. Similar calculations, using a slightly different method and set-up, were performed by Owen, Scaife & Ercolano (2013) , who found a flux of 100 μJy at 150 GHz for a distance of 140 pc, for an X-ray luminosity of 2.5× 10 30 erg s −1 . Assuming the flux scales as ν 0.6 , this corresponds to 1.15 mJy at a distance of 54 pc, which is in agreement with our new estimates.
Our calculations thus demonstrate that free-free emission from gas, either in a wind or as a bound disc atmosphere can explain the 1 mJy flux observed by Andrews et al. (2016) .
Dust continuum emission
If dust is responsible for all of the emission, then following equation (5) of Andrews & Williams (2005) , for a factor of 5 higher temperature appropriate for the inner 1 au of the disc, we obtain that about 3 lunar masses of mm-size grains must still be present in the inner disc. This is in contrast with the calculations of Alexander & Armitage (2007) , who find significant radial drift, with larger grains disappearing from the inner disc on time-scales of 10 4 yr. These estimates, however, are tailored to a significantly different disc and photoevaporation model. The mass accretion rate (and thus surface density) assumed in the Alexander & Armitage (2007) models are about an order of magnitude lower than TW Hya, and the α viscosity parameter about a factor of 10 higher than what would be needed to explain the longevity and high mass of the TW Hya disc (∼0.05 M at 10 Myr; Bergin et al. 2013; Calvet et al. 2002 suggest α ∼ 10 −3 for a similar mass estimate of ∼0.06 M at 10 Myr).
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These two facts alone result in two orders of magnitude difference in the drift time-scales, as will be shown below. An order of magnitude estimate for the disappearance of mm grains from the inner disc of TW Hya after the photoevaporative gap has opened at 1 au can be obtained as follows. Ignoring factors of order unity and the contribution due to the gas velocity, for small Stokes' numbers (St < <1), the radial drift velocity can be expressed as
where h/r is the scaleheight and v k is the Keplerian velocity. The radial drift time-scale is thus
The Stokes number of particles with size s = 1 mm is
where is the surface density of the gas, and ρ p = 1 g cm −3 is the dust intrinsic density. If the accretion rate is ∼10 −9 M yr −1 at the time of gap opening, then the surface density at 1 au can be obtained from the following,
and therefore, the drift time-scale for the dust from 1 au on to the star, with a typical h/r = 0.033, is
This values carries however significant uncertainties, mainly due to its strong dependence on the gas radial velocity, which we only roughly estimate from equation (1), and our neglect of the changes in the draining inner disc surface density, which affects the Stokes number. In brief, dust will remain longer in the inner disc if the viscosity is low -which is probably the case in the long-lived TW Hya discand/or if the accretion rate at the time of gap opening is high -again a probable scenario in TW Hya, given the strong X-ray flux from the central object which results in high photoevaporation rates. This lends credence to the fact that we might indeed be able to observe the gap opening phase in the TW Hya disc.
G A S A N D D U S T S U R FAC E D E N S I T Y E VO L U T I O N U N D E R V I S C O S I T Y A N D X -R AY P H OTO E VA P O R AT I O N
We have developed a simple 1D viscous evolution model which includes X-ray photoevaporation for a TW Hya-like system. Our 1D gas surface density evolution code, Spock, is described in detail in Ercolano & Rosotti (2015) . At t = 0, the disc has a mass of 0.15 M , a radius of 18 au and an accretion rate of 10 −8 M yr −1 . We solve the viscous evolution equation, taking into account the photoevaporative mass-loss, on a grid of 2500 points uniformly spaced in R 1/2 extending from 0.025 to 2500 au. In our model, the gap opens between 1 and 2 au at an age of 5.7 Myr. At this point, the mass accretion rate on to the star is 3.6 × 10 −10 M yr −1 . 3.5 × 10 5 yr later (4.6 per cent of the global disc lifetime and 17 per cent of the transition phase lifetime), the mass accretion rate has already dropped to 8.6 × 10 −11 M yr
and the gap outer radius is out to 6 au. This implies that one expects 4.6 per cent of the global protoplanetary disc population and 17 per cent of transition discs to be observed in this early clearing phase. 3 These numbers show that a small, but not negligible fraction of young protoplanetary discs in nearby star-forming regions should be in this evolutionary phase.
In order to verify the time-scales for dispersal of dust particles of various sizes from the inner disc once the gap is opened, we have used the gas surface density distributions obtained with Spock as an input to the FARGO hydro code (Masset 2000) modified by Picogna & Kley (2015) . We model the dust as individual particles, sampling the evolution of a larger ensemble of single dust particles and their interaction with the surrounding environment.
In Fig. 1 , we show the drift time-scales for particles of sizes between 100 μm and 1 mm just after the opening of the gap in the dust distribution (as it is shown in the 2D dust distribution for 870 μm size particles in Fig. 2 ), when the gas mass accretion rates is 3.7 × 10 −10 M yr −1 . In the inner regions (∼0.5 au), particles of 870 μm have a drift time-scale of 2 × 10 6 yr. The drift time-scales have an abrupt change in their distribution inside 2.5 au because the strong gas radial velocity (overplotted with a dashed line) is directed outwards and drags with it the dust particles. Inside 1 au, the gas radial velocity is not strong enough and the bigger dust particles (870 μm, 1 mm) are able to migrate inwards but with a long drift time-scale. It is thus likely that some of the 870 μm size particles still linger in the inner gas disc of TW Hya and contribute to the emission of the unresolved 1 mJy flux detected by Andrews et al. (2016) .
C O N C L U S I O N S
In this Letter, we presented argument in support of X-ray photoevaporation as the origin of the recently detected gap in the continuum emission of the TW Hya disc. In this scenario, TW Hya is an object on the edge of dispersal, where the mass-loss rate due to X-ray photoevaporation (∼2 × 10 −8 M , corresponding to the observed X-ray luminosity of TW Hya) is about 10 times larger than the (measured) gas accretion rate, and hence in the process of opening a gap between 1 and 2 au. It is not surprising to find an object in this phase, since current statistics show that one should expect of the order of 4-6 early phase clearing objects in each of the nearby star forming regions.
We further show that the detection of ∼1mJy continuum emission at 870 μm (Andrews et al. 2016) is not in contrast with this scenario. We consider possible sources for the emission, finding that both free-free emission and dust continuum emission, or a combination of the two, are able to explain the observed flux level. Our new photoionization models, in agreement with previous estimates by Pascucci et al. (2012) and Owen et al. (2013) , indicate that free-free emission is produced in the ionized bound disc atmosphere in the draining inner (<0.5 au) disc. Sub-mm size dust grains may also contribute to the emission, as they linger in the inner disc, thanks to long stopping times in the disc of TW Hya. Indeed, we calculate that the stopping time for 870 μm grains is about 2 Myr at 0.5 au at the time of gap opening.
In conclusion, we have shown that the X-ray photoevaporation model is consistent with a wide variety of observational characteristics of the TW Hya disc and, as such, it is the most likely explanation of the observed gap at 1 au, instead of the presence of a planet. Our study thus suggests that our closest protoplanetary disc is an object caught at the start of the dispersal phase, making it the best suited natural laboratory to study this phenomenon.
